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ABSTRACT 

Wind  tunnel  tests  were  conducted  to  determine  the  static  stability  and  control 
characteristics  of  the  MK.-84  Homing  Optical  Bombing  System  (HOBOS)  at  high  angles 
of  attack  and  the  Modular  Guided  Glide  Bomb  (MGGB)  at  moderate  angles  of  attack. 
The  tests  were  conducted  in  the  Aerodynamic  Wind  Tunnel  (4T)  over  a  Mach  number 
range  from  0.50  to  1.05  and  angles  of  attack  from  -2  to  35  deg  with  0.25-scale  models. 
Aerodynamic  coefficients  are  presented  to  show  longitudinal,  directional,  and  lateral  static 
stability  and  axial-force  characteristics,  as  well  as  control  effectiveness.  The  effect  on  the 
aerodynamic  coefficients  and  on  the  calibration  data  for  a  vane-type  angle-of-attack 
indicator  produced  by  adding  a  proximity  fuse  on  the  fuselage  was  also  investigated. 
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NOMENCLATURE 

b  Reference  wing  span,  2.025  ft 

CA  Axial-force  coefficient,  axial  force/qJSb 

Cc  Cross-wind  force  coefficient,  cross-wind  force/qJS 

CD  Drag  coefficient,  drag/qJS 

Cl  Lift  coefficient,  lift/q„S 

CfifW  Rolling-moment  coefficient,  rolling  moment/q„Sb 

Cg  Rolling-moment  coefficient,  rolling  moment/q„Sbd 

Cm, a  Pitching-moment  coefficient,  pitching  moment/qJ5bd  moment  reference  point 

at  19.75  in.  from  model  nose 

Cm,w  Pitching-moment  coefficient,  pitching  moment/q^Sc,  moment  reference  point  at 
19.896  in.  from  model  nose 

Cn  >a  Normal-force  coefficient,  normal  force/qJSb 

Cn>a  Yawing-moment  coefficient,  yawing  moment/q.Sbd,  moment  reference  point  at 
19.75  in.  from  model  nose 

Cn<w  Yawing-moment  coefficient,  yawing  moment/qjib,  moment  reference  point  at 
19.896  in.  from  model  nose 
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c  Reference  chord  length,  0.47 1 4  ft 

d  Reference  body  diameter,  0.375  ft 

L/D  Lift-to-drag  ratio 

Free-stream  Mach  number 
p„  Free-stream  static  pressure,  psfa 

q„  Free-stream  dynamic  pressure,  psf 

Re  Free-stream  unit  Reynolds  number,  ft-1 

S  Reference  wing  area,  0.828  sq  ft 

Sb  Reference  body  area,  0.1 10  sq  ft 

u,  v,  w  Velocity  components  along  the  body  axes,  ft/sec 
V„  Free-stream  velocity,  ft/sec 

Xx>a  The  measured  force  and  moment  data  reduced  to  coefficient  form  in  the 
aeroballistic  body-axis  system  for  the  MGGB  without  the  RES  (MK-84  HOBOS 
and  MGGB  in  terminal  configuration),  see  Fig.  9 

XXjW  The  measured  force  and  moment  data  reduced  to  coefficient  form  in  the 
wind-axis  system  for  the  MGGB  with  the  RES,  see  Fig.  9 

a  Model  angle  of  attack,  tan-1  w/u  (see  Fig.  9),  deg 

aa  Total  or  complex  angle  of  attack,  tarn1  (\/w2  +  v2)/u,  deg 

a5  Angle  of  attack  as  indicated  by  a  vane-type  angle-of-attack  indicator,  deg 

P  Model  angle  of  sideslip,  sin'1  v/V^ 

5 1_4  Control  deflection  angles  for  the  respective  control  surfaces  1-4  (see  Fig.  10), 
positive  when  trailing  edge  is  down,  deg 

5p,5p  Control  deflection  angle  for  roll  control,  5p  =  (-Si  -  62  +  S3  +  64 )/4,  deg 

Sq ,5q  Control  deflection  angle  for  pitch  control,  5q  =  (5i  +  62  +  63  +  64 )/4,  deg 

Sr,SR  Control  deflection  angle  for  yaw  control,  Sr  =  (-Si  +  62  -  S3  +  S4V4,  deg 
<p  Model  roll  angle,  deg 
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CONFIGURATION  NOMENCLATURE 

B9  Basic  fuselage  faired  smooth  with  strakes,  lug  adapters,  cable  harness 

conduit,  umbilical,  band  fasteners  on  top,  DME  antenna,  D/L  spikes,  and 
RES  hinge  fitting 

BIO  Same  as  B9  with  proximity  fuse 

BI1  Basic  fuselage  faired  smooth  with  strakes,  launch  lugs,  cable  harness 

conduit,  umbilical,  band  fasteners  on  side,  and  DME  antenna  (MK-84 
HOBOS  with  DME  antenna) 

SI  Basic  strongback  arrangement  with  launch  lugs  and  umbilical  connector 

T3  Basic  fin  and  control  surface  arrangement 

W8  Basic  wing  with  NACA  65-410  airfoil  section 

CONFIGURATION  TESTING 

B9T3  MGGB  configuration  without  range  extension  system  (RES),  which 

consists  of  wings  and  strongback 

B10T3  MGGB  configuration  with  RES  but  with  proximity  fuse 

B1 1T3  MK-84  HOBOS  with  DME  antenna 

B9W8S1T3  MGGB  configuration  with  RES 

B10W8S1T3  MGGB  configuration  with  RES  and  proximity  fuse 
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SECTION  I 
INTRODUCTION 

Wind  tunnel  tests  were  conducted  to  determine  the  static  stability,  control 
effectiveness,  and  performance  of  the  MK-84  Homing  Optical  Bombing  System  (HOBOS) 
at  high  angles  of  attack  and  the  Modular  Guided  Glide  Bomb  (MGGB)  at  moderate  angles 
of  attack.  The  MK-84  HOBOS,  also  called  MK-84  EO  Guided  Bomb,  is  a 
lock-on-before-launch  air-dropped  munition;  the  MGGB  is  a  high-speed  air-launched  glide 
weapon  system  that  has  evolved  from  the  MK-84  HOBOS  configuration. 

The  Modular  Guided  Glide  Bomb  is  an  MK-84  HOBOS  with  the  addition  of  the  range 
extension  system  (RES),  which  is  a  combination  of  wings  and  strongback.  The  swing  wings 
of  the  MGGB  are  deployed  after  aircraft  release  to  provide  the  desired  lifting  surfaces 
for  range  extension.  Near  the  end  of  the  MGGB  trajectory,  the  RES  is  jettisoned.  Control 
surfaces  on  the  tail  fins  are  used  to  provide  aerodynamic  control  for  the  MK-84  HOBOS 
and  the  MGGB. 

The  tests  were  conducted  in  the  Aerodynamic  Wind  Tunnel  (4T),  Propulsion  Wind 
Tunnel  Facility  (PWT)  over  a  Mach  number  range  from  0.5  to  1.05  and  angles  of  attack 
from  -2  to  35  deg.  The  effect  of  control  surface  deflections  and  roll  angles  at  high  angles 
of  attack  on  static  stability  and  control  effectiveness  of  the  MK-84  HOBOS  and  the  MGGB 
terminal  configuration  were  determined. 

Also,  tests  were  conducted  on  the  MGGB  to  determine  the  effect  produced  on  the 
static  stability  and  on  the  calibration  of  a  vane-type  angle-of-attack  sensor  located  on 
the  RES  package  by  adding  an  externally  mounted  infrared  (IR)  proximity  fuse  on  the 
fuselage.  Similar  tests  have  been  previously  conducted  in  Tunnels  4T  and  16T,  and  the 
results  are  documented  in  Refs.  1  and  2. 

SECTION  II 
APPARATUS 


2.1  TEST  FACILITY 

Tunnel  4T  is  a  closed-loop,  continuous  flow,  variable  density  tunnel  in  which  the 
Mach  number  can  be  varied  from  0.1  to  1.3.  At  all  Mach  numbers,  the  stagnation  pressure 
can  be  varied  from  300  to  3700  psfa.  The  test  section  is  4  ft  square  and  12.5  ft  long 
with  perforated,  variable  porosity  (0.5-  to  10-percent  open)  walls.  It  is  completely  enclosed 
in  a  plenum  chamber  from  which  the  air  can  be  evacuated,  allowing  part  of  the  tunnel 
airflow  to  be  removed  through  the  perforated  walls  of  the  test  section.  The  model  support 
system  consisted  of  a  pitch  sector,  boom,  and  7-deg  bent  sting  which  provided,  for  this 
particular  model  a  pitch  capability  from  -2  to  35  deg  with  respect  to  the  tunnel  centerline. 
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2.2  TEST  ARTICLES 

A  sketch  showing  the  model  installation  is  shown  in  Fig.  1  (Appendix).  The  test 
articles  were  0.25-scale  models  of  the  MGGB  and  MK-84  HOBOS  (Fig.  2).  Dimensions 
of  the  MGGB  model  configuration  B9W8S1T3  are  shown  in  Fig.  3.  The  complete  MGGB 
configuration  consists  of  four  basic  components  which  include  a  fuselage,  a  strongback, 
a  wing,  and  four  tail  fins  with  control  surfaces.  The  basic  fuselage  configuration  is  identified 
in  Fig.  4  which  is  a  standard  MK-84  HOBOS. 

The  various  fuselage  protuberances  are  identified  in  Figs.  2,  3,  and  4.  The  tail  fin 
and  control  surface  configuration  (T3)  is  shown  in  Fig.  4.  The  control  surfaces  were  set 
at  nominal  values  of  0,  ±5,  ±10,  ±15,  and  ±20  deg  relative  to  the  tail  fins.  The  wing, 
shown  in  Fig.  5,  was  set  at  a  sweep  angle  of  35  deg  and  at  an  incidence  angle  of  6 
deg  relative  to  the  fuselage  centerline  plane.  The  incidence  angle  is  measured  in  a  plane 
normal  to  the  wing  leading  edge.  Shown  in  Fig.  6  is  the  strongback  configuration  which 
is  mounted  on  the  fuselage  and  supports  the  wings.  A  dimensional  sketch  of  the  proximity 
fuse  and  the  DME  antenna  is  shown  in  Fig.  7. 

Included  in  the  MGGB  model  configuation  and  shown  in  a  dimensional  sketch  in 
Fig.  8  is  a  vane-type  angle-of-attack  indicator  and  located  on  the  model  as  shown  in  Fig. 
3.  The  angle-of-attack  vane  had  an  18-deg  included  angle  wedge-shaped  section.  The  vane 
was  mounted  on  a  gimbaled  shaft  which  allowed  the  vane  to  remain  aligned  with  the 
local  airflow  around  the  model. 

2.3  INSTRUMENTATION 

A  six-component,  moment-type,  internal  strain-gage  balance  was  used  to  obtain  the 
aerodynamic  force's  and  moments  acting  on  the  model.  Model  base  pressure  measurements 
were  made  with  differential  pressure  transducers.  The  MGGB  angle-of-attack  indicator  used 
a  potentiometer  to  measure  the  angle  of  rotation  of  the  vane  shaft  with  respect  to  the 
MGGB  fuselage  centerline.  The  model  attitude  was  measured  with  the  pitch  sector  and 
roll  indicators.  Electrical  signals  from  the  balance,  pressure  transducers,  vane  potentiometer, 
and  standard  tunnel  instrumentation  were  processed  by  the  PWT  data  acquisition  system 
and  digital  computer  for  on-line  data  reduction. 

SECTION  III 
TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

Steady-state  force  and  moment  data  and  vane-angle  calibration  data  were  obtained 
in  tunnel  4T  at  Mach  numbers  from  0.5  to  1.05.  During  most  of  the  test,  the  total  pressure 
was  held  at  approximately  1000  psfa.  For  the  above  Mach  numbers  and  total  pressure 
the  dynamic  pressure  was  150  to  400  psf  and  the  Reynolds  number  per  foot  was  from 
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1.5  to  2.3  x  1 06 .  Data  were  also  obtained  at  a  high  Reynolds  number,  5.0  to  6.0  x 
106  per  foot,  for  certain  configurations.  The  free-stream  total  temperature  varied  from 
60  to  90°F.  Tunnel  conditions  were  .held  constant  at  each  Mach  number  while  the  pitch 
angle  or  roll  angle  was  varied,  and  data  recorded  at  each  selected  attitude.  The  model 
pitch-  attitude  was  varied  from  -2  to  35  deg  for  configurations  without  the  RES.  The 
pitch'  and  sideslip  angle  was  varied  from  -2  to  10  deg  for  configurations  with  the  RES. 
For  configurations  without  the  RES,  data  were  also  obtained  at  roll  angles  of  22.5,  45, 
and  180  deg.  All  configuations  were  tested  with  transition  fixed  on  the  wings  and/or 
the  strakes  and  tail  fins.  Boundary-layer  transition  was  fixed  with  a  O.l-in.-wide  band 
of  No.  180  grit  (0.0035-in.  diameter)  located  0.3  in.  aft  of  the  wing  leading  edge,  and 
located  0.6  ia  aft  of  the  leading  edge  on  the  strakes  and  tail  fins. 

a2  CORRECTIONS 


The  model  angle  of  attack  was  corrected  for  tunnel  flow  angularity.  The  maximum 
correction  applied  to  the  data  was  0.25  deg  and  is  a  function  of  Mach  number  and  Reynolds 
number.  Balance  and  sting  deflections  caused  by  aerodynamic  loads  on  the  model  were 
also  accounted  for  in  the  data  reduction  to  determine  model  angle  of  attack.  Model  tare 
corrections  were  also  made  to  calculate  the  net  aerodynamic  forces  on  the  model. 

3.3  PRECISION  OF  MEASUREMENTS 

The  precision  of  the  data  which  can  be  attributed  to  the  errors  of  the  balance 
measurements  and  in  setting  tunnel  conditions  was  determined  using  a  method  which 
assumes  a  normal  error  distribution  and  a  95-percent  confidence  level.  Precision  of  the 
data  in  reduced  coefficient  form  is  presented  below  for  both  the  low  and  high  Reynolds 
numbers  and  selected  Mach  numbers. 


Low  Reynolds  Number  High  Reynolds  Number 


-  0.50 

=  0.75 

M_  =  0.95 

=  0.50 

M„  =  0.95 

ACn)8 

±0.194 

±0.107 

±0.079 

±0.099 

±0.038 

ACy.a 

±0.063 

±0.035 

±0.027 

±0.020 

±0.010 

A.  ,a 

±0.021 

±0.012 

±0.008 

±0.011 

±0.004 

ACm  i8 

±0.178 

±0.098 

±0.075 

±0.062 

±0.030 

ACn,a 

±0.088 

±0.048 

±0.036 

±0.041 

±0.016 

ACfi>a 

±0.016 

±0.008 

±0.006 

±0.008 

±0.003 

acl 

±0.027 

±0.015 

±0.011 

±0.015 

±0.005 

ACc 

±0.009 

±0.005 

±0.004 

±0.004 

±0.002 

acd 

±0.004 

±0.003 

±0.002 

±0.003 

±0.0008 

ACm 

±0.018 

±0.010 

±0.008 

±0.006 

±0.003 

ACn 

±0.002 

±0.001 

±0.0008 

±0.0006 

±0.0003 

AC£ 

±0.0005 

±0.0003 

±0.0002 

±0.0004 

±0.0001 

Quo 

150 

270 

350 

500 

940 

Aq. 

±2.50 

±2.34 

±1.75 

±8.35 

±4.69 

AM„ 

±0.0031 

±0.0051 

±0.0089 

±0.002 

±0.005 
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The  errors  quoted  for  Mach  number  relate  to  the  variation  of  Mach  number  in  the 
portion  of  the  test  section  occupied  by  the  model.  The  error  in  setting  Mach  numbers 
is  within  ±0.005.  The  error  in  the  angle  of  attack,  sideslip  angle,  and  roll  angle  is  within 
±0.1  deg. 


SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  GENERAL 

The  measured  force  and  moment  data  were  reduced  to  coefficient  form  in  the 
aeroballistic  body  axis  system  for  the  MGGB  without  the  RES  (MK-84  HOBOS  and  MGGB 
in  terminal  configuration).  The  moment  reference  point  for  those  configurations  without 
the  RES  was  19.75  in.  aft  from  the  model  nose.  The  measured  force  and  moment  data 
for  the  MGGB  with  the  RES  were  reduced  to  coefficient  form  in  the  wind-axis  system. 
The  moment  reference  point  for  those  configurations  was  19.896  in.  from  the  model  nose. 
The  force  and  moment  orientation  for  both  coordinate  systems  is  shown  in  Fig.  9^ The 
deflections  of  the  control  surfaces  for  pitch,  yaw,  and  roll  control  are  illustrated  in  Fig. 
10.  The  control  surfaces  pivot  very  close  to  the  leading  edge,  or  in  other  words,  the 
trailing  edge  moves  either  up  or  down  as  shown  in  the  figure.  The  test  data  presented 
in  this  report  are  machine  plotted  and  faired  with  straight  lines.  The  Reynolds  number 
per  foot  is  given  for  all  test  data  presented.  Also,  the  control  surface  deflection  angles 
given  for  the  test  data  are  the  actual  measured  deflection  angles. 

4.2  EFFECT  OF  REYNOLDS  NUMBER 

The  effect  of  varying  the  Reynolds  number  on  the  aerodynamic  coefficients  for  the 
MGGB  configurations  B9T3  (without  RES)  and  B10W8S1T3  (with  RES)  is  shown  in  Figs. 
11  through  15.  For  configuration  B9T3,  the  effect  of  varying  the  Reynolds  number  on 
the  aerodynamic  coefficients  was  small.  However,  as  shown  in  Figs.  12  and  13,  the  CA 
was  reduced  and  the  Cy  ,a  reduced  and/or  changed  sign  as  the  Reynolds  number  was 
increased  at  Mach  number  0.65  and  6q  =  0.3.  For  configuration  B10W8S1T3,  increasing 
the  Reynolds  number  produced  little,  if  any,  change  in  CL  at  Mach  numbers  0.50  through 
0.75  (Fig.  14).  However,  at  Mach  numbers  0.85  and  0.95  increasing  the  Reynolds  number 
decreased  the  slope  of  the  Cl  versus  angle-of-attack  curve.  The  drag  coefficient  either 
remained  constant  or  decreased  for  a  given  Cl  as  the  Reynolds  number  was  increased 
(Fig.  14).  The  stability  characteristic  of  the  configuration  showed  very  little  change  with 
increasing  Reynolds  number.  The  lift-todrag  ratio  (see  Fig.  15)  increased  as  the  Reynolds 
number  was  increased  only  at  Mach  numbers  0.50,  0.60,  and  0.75.  At  the  higher  Mach 
numbers  the  lift-to-drag  ratio  was  not  influenced  by  changes  in  Reynolds  number. 

Data  were  also  obtained,  although  not  presented,  for  configuration  B9T3  with  and 
without  transition  grit  at  a  Reynolds  number  per  foot  of  5.5  x  106  and  at  Mach  numbers 
0.65  and  0.95.  An  examination  of  the  data  showed  that  the  grit  produced  no  differences 
at  the  selected  Reynolds  number. 
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4.3  EFFECT  OF  ROLL  ANGLE 

Data  plots  showing  the  effect  of  roll  angle  on  the  aerodynamic  coefficients  for  MGGB 
configuration  B 1 0T3  (without  RES  but  with  proximity  fuse)  are  shown  in  Figs.  1 6  through 
18.  The  normal-force  coefficient  showed  a  large  increase  for  roll  angles  of  22.5  and  45 
deg  as  would  be  expected  at  the  high  angles  of  attack  (Fig.  16).  The  longitudinal  stability 
and  the  axial-force  coefficient  showed  some  changes  attributable  to  roll  angle  at  the  high 
angles  of  attack  (Figs.  16  and  17).  In  general,  the  configuration  was  neutrally  stable  or 
unstable  at  the  high  angles  of  attack  when  rolled  22.5  deg.  Moreover,  the  rolling-moment, 
side-force,  and  yawing-moment  coefficients  showed  very  large  changes  caused  by  roll  angle 
(Figs.  17  and  18).  The  effects  of  varying  roll  angle  just  discussed  were  typical  for  all 
configurations  tested  without  the  RES  (B9T3  and  B11T3). 

44  EFFECT  OF  FUSELAGE  PROTUBERANCE  CHANGES 

The  effect  on  the  aerodynamic  coefficients  produced  by  changes  in  the  fuselage 
protuberances  B9,  BIO,  and  Bll  on  configurations  without  the  RES  (MK-84  HOBOS  and 
MGGB  terminal  configurations)  are  presented  in  Figs.  19  through  21.  The  addition  of 
the  IR  proximity  fuse  to  the  body,  a  comparison  of  the  data  for  configurations  B9T3  and 
B10T3,  had  little  influence  on  the  normal-force  and  pitching-moment  coefficients  (Fig. 
1 9);  however,  it  had  a  significant  influence  on  the  rolling-moment  and  side-force  coefficients 
at  the  high  angles  of  attack  (Figs.  20  and  21).  The  addition  of  the  proximity  fuse  also 
increased  the  axial-force  coefficient  at  the  lower  Mach  numbers,  M„  <  0.95,  and  had 
a  small  influence  on  the  yawing-moment  coefficient  (Figs.  20  and  21).  A  comparison  of 
the  data  for  configuration  B11T3  (MK-84  HOBOS  with  DME  antenna)  with  those  data 
for  the  other  configurations  showed  no  changes  in  CN>a  but  did  show  a  small  change 
in  Cmia  for  Mach  numbers  greater  than  0.75  (Fig.  19).  However,  when  comparing  the 
data  of  configuration  B11T3  with  those  for  the  other  configurations,  a  large  change  was 
seen  in  Gyra  and  a  small  change  in  CA,  Cg,  and  Cn>a  (Figs.  20  and  21). 

The  effect  on  the  aerodynamic  coefficients  produced  by  affixing  the  proximity  fuse 
to  the  MGGB  configuration  with  the  RES  (configurations  B9W8S1T3  and  B10W8S1T3) 
is  presented  in  Figs.  22  through  24.  The  addition  of  the  proximity  fuse  to  the  fuselage 
had  no  apparent  effect  on  the  lift  or  drag  coefficients  and  only  a  small  effect  on  the 
pitching-moment  coefficient  (Fig.  22),  but  did  decrease  the  lift-to-drag  ratio  at  the  lower 
Mach  numbers,  M„„  <  0.75  (Fig.  23).  The  addition  of  the  proximity  fuse  had  no  effect 
on  the  lateral  or  directional  stability  coefficients  (Fig.  24). 

45  CONTROL  DEFLECTION  EFFECTIVENESS 

Aerodynamic  coefficients  for  several  control  deflections  in  pitch  (5q)  are  shown  in 
Figs.  25  through  27  for  the  MGGB  configuration  with  RES  (B9T3).  The  control  surfaces 
were  effective  in  producing  trim  conditions  over  a  wide  range  of  angle  of  attack  (Fig. 
25).  The  trim  angle  of  attack  for  6q  =  -10  deg  at  Mach  number  0.5  was  20  deg  and 
the  trim  angle  of  attack  decreased  with  Mach  number.  The  axial-force  coefficient  increased 
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substantially  with  an  increase  in  control  deflection  angles  as  would  be  expected  (Fig.  26). 
The  effect  of  pitch  control  deflection  on  Cg;  Cy  ,a  and  Qa  was  small;  thus,  there  was 
very  little  cross  coupling,  and  this  occurred  only  at  the  high  angles  of  attack  (Figs.  26 
and  27). 

The  effect  of  control  deflections  in  yaw  (6r)  for  configuration  B9T3  is  shown  in 
Figs.  28  through  30.  Shown  in  Fig.  28,  the  longitudinal  static  stability  decreases  as  the 
yaw  control  deflection  angle  is  increased.  The  control  surfaces  were  effective  in  producing 
adequate  side-force  and  yawing-moment  control  at  all  angles  of  attack  (Fig.  30). 

The  effect  of  roll  control  deflections  is  shown  in  Figs.  3 1  through  33  for  configuration 
B9T3.  The  control  surfaces  were  effective  in  producing  adequate  roll  control  at  the  lower 
angles  of  attack,  <  20  deg,  but  were  marginal  in  roll  control  at  the  higher  angles 
of  attack  (Fig.  32).  At  least  15  deg  of  roll  control  deflection  is  required  at  the  higher 
angles  of  attack  to  trim  the  vehicle  at  the  lower  Mach  numbers;  The  roll  control  did 
improve  somewhat  with  increasing  Mach  number  at  the  higher  angles  of  attack. 

The  effect  of  superimposed  pitch  and  roll  control  which  is  the  case  for  a  pitching 
maneuver  is  shown  for  configuration  B9T3  in  Figs.  34  and  35  for  several  combinations 
of  pitch  and  roll  control.  The  effect  of  superimposed  pitch  and  roll  control  on  the 
normal-force  coefficients  was  small.  For  5q  =  5p  =  -10  deg  (Fig.  34),  the  pitch  control 
effectiveness  decreased  significantly  at  the  lower  angles  of  attack  and  the  trim  angle  of 
attack  was  decreased..  The  effect  of  superimposed  pitch  and  roll  control  on  the 
rolling-moment  coefficient  was  large  for  all  combinations  of  5q  and  8p  (Fig.  35).  The 
roll  control  effectiveness  was  significantly  reduced  at  the  lower  angles  of  attack,  aa  < 
20  deg,  whenever  pitch  control  was  superimposed  with  roll  control.  At  the  higher  angles 
of  attack  the  roll-control  effectiveness  increased  when  pitch  and  roll  control  were 
superimposed  for  the  lower  Mach  numbers  M„  =  0.75,  and  was  either  the  same  or  decreased 
somewhat  at  the  higher  Mach  numbers.  Also,  at  the  high  angles  of  attack  a  6p  of  5  deg 
was  not  sufficient  to  trim  the  vehicle  in  roll. 

4.6  CALIBRATION  DATA  OF  VANE-TYPE  ANGLE-0 F-ATTACK  INDICATOR 

The  effect  of  varying  Reynolds  number  on  the  data  from  the  angle-of-attack  sensor 
is  presented  for  MGGB  configuration  (B9W8S1T3)  in  Fig.  36.  The  Reynolds  number 
variation  had  virtually  no  effect  on  the  calibration  data. 

The  effect  of  adding  the  proximity  fuse  onto  the  fuselage  on  the  angle-of-attack 
calibration  data  is  presented  in  Fig.  37.  In  general,  the  difference  in  the  angle-of-attack 
data,  Oj,  between  configurations  with  and  without  the  proximity  fuse  (configurations 
B10W8S1T3  and  B9W8S1T3,  respectively)  was  very  small,  with  the  maximum  difference 
being  0.7  deg  and  occurring  at  the  negative  angles  of  attack. 

A  comparison  of  the  angle-of-attack  calibration  data  from  Refs.  1  and  2  and  the 
present  test  is  shown  in  Fig.  38.  As  can  be  seen  in  the  figure,  the  data  from  Ref.  2 
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(full-scale  tests  in  PWT  16T)  and  the  present  test  agreed  very  well,  whereas  the  data  from 
Ref.  1-  had  the  same  slope  as  the  other  data  but  had  a  3-deg  offset  when  the  model 
angle  of  attack  equaled  zero.  This  discrepancy  in  the  data  in  Ref.  1  cannot  be  explained. 
For  the  angle  data  compared,  the  model  configurations  had  only  minor  differences.  The 
data  from  the  present  test  and  Ref.  2  agreed  well  with  data  taken  previously  in  4T  on 
essentially  identical  configurations  (unpublished)  and  with  flight  test  data. 

SECTION  V 
CONCLUSIONS 

•The  following  conclusions  were  made  from  the  results  of  the  investigation: 

.  1.  Varying  the  Reynolds  number  had  a  moderate  effect  on  the  aerodynamic 
coefficients  of  configurations  with  the  range  extension  system  but  had  little 
effect  on  the  aerodynamic  coefficients  of  configurations  without  the  range 
extension  system. 

2.  Varying  the  roll  angle  had  a  large  effect  on  the  aerodynamic  coefficients 
of  configurations  without  the  range  extension  system  and  the  configuration 
was  neutrally  stable  or  unstable  at  the  high  angles  of  attack  when  rolled 
22.5  deg. 

3.  The  addition  of  the  proximity  fuse  to  the  fuselage  had  a  significant  effect 
on  the  lateral  and  directional  stability  characteristics  and  the  axial-force 
coefficient  of  configurations  without  the  range  extension  system  but  had 
little  effect  on  the  longitudinal  stability  characteristics. 

4.  The  addition  of  the  proximity  fuse  to  the  fuselage  had  little  effect  on  the 
aerodynamic  coefficients  of  configurations  with  the  range  extension  system. 

5.  For  configurations  without  the  range  extension  system,  the  pitch,  yaw,  and 
roll  controls  were  generally  effective  at  all  angles  of  attack  with  the  roll 
control  being  just  marginal  at  the  high  angles  of  attack;  at  least  a  Sp  of 
-15  deg  required  for  a  >  28  deg  at  the  lower  Mach  numbers,  M.,  <  0.65. 

6.  For  configurations  without  the  range  extension  system,  the  effect  of 
superimposed  pitch  and  roll  control  was  to  decrease  the  pitch  effectiveness 
and  significantly  decrease  the  roll  control  at  the  low  angles  of  attack  for 
all  Mach  numbers. 

.  7.  The  Reynolds  number  had  no  apparent  effect  on  the  calibration  data  of 
a  vane-type  angle-of-attack  indicator  on  the  model.  Also,  the  addition  of 
the  proximity  fuse  onto  the  fuselage  had  only  a  very  small  effect  on  the 
calibration  data  of  the  angle-of-attack  indicator  on  the  model. 
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a.  MGGB  Configuration  without  RES  (B9T3) 
Fig.  2  Installation  Photographs 
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c.  MK-84  HOBOS  Configuration  (B11T3) 
Fig.  2  Continued 
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Fig.  3  Dimensional  Sketch  of  MGGB  (Configuration  B9W8S1T3) 
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Fig.  4  Dimensional  Sketch  of  the  MK-84  HOBOS  (Configuration  B11T3) 
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Fig.  5  Dimensional  Sketch  of  the  Wing  Configuration  (W8) 
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Fig.  7  Dimensional  Sketch  of  the  Proximity  Fuse  and  DME  Antenna  Showing  Their  Location 
on  the  Model 
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Fig.  9  Orientation  of  Model  Forces  and  Moments 
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Fig.  9  Concluded 
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Fig.  11  Effect  of  Varying  Reynolds  Number  on  the  Normal-Force  and  Pitching-Moment  Coefficients 
for  the  MGGB  Configuration  without  the  RES  (B9T3) 
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Fig.  13  Effect  of  Varying  Reynolds  Number  on  the  Side-Force  and  Yawing-Moment  Coefficients 
for  Configuration  B9T3 
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Fig.  14  Effect  of  Varying  Reynolds  Number  on  the  Longitudinal  Stability  Characteristics 
of  MGGB  Configuration  (B10W8S1T3) 
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Fig.  15  Effect  of  Varying  Reynolds  Number  on  the  Lift  to  Drag  Ratio 
of  MGGB  Configuration  (B10W8S1T3) 
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Fig.  16  Effect  of  Varying  Roll  Angle  on  the  Normal-Force  and  Pitching-Moment  Coefficients 
for  MGGB  Configuration  without  the  RES  (B10T3) 
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for  MGGB  Configuration  without  the  RES  (B10T3) 
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Fig.  18  Effect  of  Varying  Roll  Angle  on  the  Side-Force  and  Yawing-Moment  Coefficient  for 
MGGB  Configuration  without  the  RES  (B10T3) 
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Fig.  19  Effect  of  Varying  Fuselage  Protuberances  on  the  Normal-Force  and  Pitching-Moment 
Coefficients  for  Configurations  without  the  RES  (B9T3,  B10T3,  and  B11T3) 
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Fig.  20  Effect  of  Varying  Fuselage  Protuberances  on  the  Rolling-Moment  and  Axial-Force 
Coefficients  for  Configurations  without  the  RES  (B9T3,  B10T3,  and  B11T3) 
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Fig.  21  Effect  of  Varying  Fuselage  Configuration  on  the  Side- Force  and  Yawing-Moment 
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Fig.  22  Effect  of  Fuselage  Protuberances  on  the  Longitudinal  Stability  Characteristics 
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Fig.  30  Effect  of  Yaw  Control  Deflections  on  the  Side-Force  and  Yawing-Moment  Coefficients 
for  MGGB  Configuration  without  RES  (B9T3) 
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Fig.  31  Effect  of  Roll  Control  Deflections  on  the  Normal-Force  and  Pitching-Moment  Coefficient 
for  MGGB  Configuration  without  RES  (B9T3) 
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Fig.  36  Vane  Calibration  Data,  a  versus  a,.  Comparing  Low  and  High  Reynolds  Number 
for  MGGB  Configuration  (B10W8S1T3) 
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Fig.  37  Vane  Calibration  Data,  a  versus  a,.  Showing  the  Effect  of  the  Proximity  Fuse 
(Configurations  B9W8S1T3  and  B10W8S1T3) 
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Fig.  37  Concluded 
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Fig.  38  Comparison  of  Vane  Calibration  Data,  M„  =  0.75 
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